Abstract Background. Studies in men suggest that light-to-moderate alcohol intake is associated with a reduction in overall mortality, due primarily to a reduced risk of coronary heart disease. Among women with similar levels of alcohol consumption, an increased risk of breast cancer has been noted that complicates the balance of risks and benefits.
I
N prospective cohort studies, conducted predominantly among men, light-to-moderate drinkers of alcoholic beverages have been found to have lower total mortality rates than either nondrinkers or heavier drinkers. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] This reduced mortality is due largely to a reduced risk of fatal coronary heart disease. Studies among women have been fewer, and the results have been conflicting. 3, 8, 9, 11, 15, 16 Whether the apparent overall benefit of light-tomoderate alcohol intake among men can be extrapolated to women is unclear. As compared with men, women have a lower risk of coronary heart disease, 17 attain higher blood alcohol concentrations for a given amount of alcohol consumed, 18 and are more susceptible to alcoholic liver disease. 19, 20 Moreover, women who consume moderate quantities of alcohol have an increased risk of breast cancer. [21] [22] [23] We therefore examined prospectively the relation between alcohol intake and mortality in a large cohort of women. Furthermore, we specifically examined this relation among women at low risk for coronary heart disease, for whom increased rates of breast cancer and other adverse events may outweigh the reduction in coronary heart disease.
M ETHODS

Study Cohort
The Nurses' Health Study was established in 1976 when 121,700 female registered nurses 30 to 55 years of age, residing in the United States, completed a mailed questionnaire on known or suspected risk factors for cancer 22 and coronary heart disease. 24 Every two years since then, the participants have been sent follow-up questionnaires to update information on potential risk factors and to identify newly diagnosed cases of cancer, coronary heart disease, and other diseases. consumption of each item had greatly increased or greatly decreased during the previous 10 years. The reproducibility and validity of these questionnaires have been documented previously. [25] [26] [27] [28] [29] Questions about the consumption of beer, wine, and spirits were included as separate items. Total alcohol intake was the sum of the values for all three beverages; a 12-oz (360-ml) can or bottle of beer was assumed to contain 13.2 g of alcohol, a 4-oz (120-ml) glass of wine 10.8 g, and a standard drink of spirits 15.1 g. 30 The Spearman rank-correlation coefficient for alcohol intake as measured by the questionnaire and as calculated from the dietary records of participants was 0.90. 22 Similarly, the correlation between the alcohol consumption reported in response to the 1984 questionnaire and that found in the 1980 diet records was 0.84. 29 In addition, alcohol intake as measured by each of the methods was correlated with plasma concentrations of high-density lipoprotein (r ϭ 0.40, P Ͻ 0.001).
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Population for Analysis
The dietary questionnaire was returned by 98,462 nurses in 1980. We excluded from our study women with 10 or more food items left blank (4 percent) or with implausibly high or low scores for total food intake (2.7 percent). We also excluded women with a history of cancer (except nonmelanoma skin cancer), angina, myocardial infarction, or stroke. Because the group of women who now abstain from alcohol may include former heavy drinkers and women who stopped drinking because of illness, we excluded from our primary analysis 2957 women who reported no alcohol intake in 1980 but had greatly decreased their alcohol intake in the previous 10 years. This left 85,709 women in the analysis.
Identification of Deaths
Our primary end point was death from any cause. We made systematic searches of the vital records of the states and the National Death Index to discover deaths among women who did not respond during each questionnaire cycle. This search was supplemented by reports from family members or from postal authorities. We estimate that we were able to ascertain more than 98 percent of the deaths in the cohort by these methods. 31 A physician, blinded to data on alcohol consumption and other risk factors, reviewed death certificates and medical records to classify the cause of death according to the International Classification of Diseases, Eighth Revision (ICD-8). 32 The following subgroups were analyzed: participants whose deaths were due to any cardiovascular disease (ICD-8 codes 390 to 459 and 795); coronary heart disease (codes 410 to 414); stroke (codes 430 to 437); any noncardiovascular cause (all codes except 390 to 459 and 795); any cancer (codes 140 to 207); breast cancer (code 174); cirrhosis of the liver (code 571); and any injury with an external cause (codes 800 to 999 and all "E" codes), which included accidents and suicides.
Statistical Analysis
In our primary analysis, we used incidence rates with personyears of follow-up as the denominators. For each woman, personyears of follow-up were counted from the date of return of the 1980 questionnaire to May 31, 1992 or, for those who died, until the date of death. Because our focus was on mortality, and because people tend to reduce alcohol consumption markedly or to discontinue consumption after a major illness is diagnosed, levels of alcohol intake reported after 1980 were not taken into consideration in the primary analysis. For all other covariates, person-years of follow-up were assigned according to the risk-factor status reported on the most recently completed questionnaire. Follow-up terminated at the date of death. If no questionnaire was returned for a follow-up cycle, the most recently recorded data were used for the subsequent follow-up period.
We calculated relative risk as the incidence of death among women with a given alcohol intake divided by the corresponding rate among women who did not consume alcohol. Relative risks were adjusted for age, in five-year categories, and for the history and amount of cigarette smoking (participants were grouped into those who never smoked, those who had formerly smoked, and those who smoked less than 15, 15 to 24, and more than 24 cigarettes per day) 33 ; 95 percent confidence intervals were calculated. 34 We used a proportional-hazards model to adjust for multiple risk factors simultaneously. 35 Any curvilinear association between alcohol intake and mortality was assessed by including both linear and quadratic terms (average alcohol intake and that value squared) in our model. 36 Stratified analyses were conducted to determine whether the effect of alcohol consumption was modified by age or coronary-risk-factor status. In both these analyses, the value for the relevant variable, age or coronary-risk-factor status, was updated biennially. Tests for interaction were performed by entering into the proportional-hazards model cross-product terms for alcohol consumption (as indicator variables for each level of intake) and either age or coronary-risk-factor status. 36 To address the potential misclassification of alcohol intake due to the passage of time, secondary analyses were performed on the basis of updated measurements of alcohol consumption, although these data were not used in the primary analysis.
Employing a model with separate continuous variables for alcohol intake according to type of beverage -beer, wine, or spirits -we used the Wald test to examine differences between logistic-regression coefficients.
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R ESULTS
Among the 85,709 women eligible for analysis, 29.8 percent reported no alcohol consumption in 1980, and the majority reported consuming only low-to-moderate amounts (Table 1) . Approximately 1 percent of the cohort drank more than 50 g per day. Most base-line characteristics were distributed similarly among drinkers and nondrinkers, although diabetes mellitus and obesity were more common among nondrinkers and regular aspirin use, oral-contraceptive use, and smoking were more common among drinkers.
During the 12 years of follow-up (1,010,209 personyears), 2658 of the women died. A total of 503 women died of cardiovascular disorders; 1495 of any cancer, including 350 of breast cancer; 203 of injury from external causes, including accidents and suicides; 52 of cirrhosis of the liver; and 405 from other causes.
As compared with nondrinkers and heavy drinkers, light-to-moderate drinkers (1.5 to 29.9 g of alcohol per day) had a significantly lower overall risk of death (Table 2). Even after we controlled for several known or suspected predictors of mortality, the data for mortality according to alcohol consumption fitted a U -shaped curve with a nadir at approximately 1.5 to 4.9 g per day (one to three drinks per week). The lower risk associated with light drinking was principally due to a lower risk of fatal cardiovascular disease. The higher death rate among women who consumed 30 g or more per day was largely due to a higher number of deaths from noncardiovascular diseases, including breast cancer and cirrhosis. Furthermore, controlling for risk factors for breast cancer (age at menarche less than 13 years, one or more pregnancies, age at first pregnancy less than 22 years, history of benign breast disease, or family history of breast cancer) did not materially affect the association of alcohol consumption with mortality from all causes.
To assess the nonlinear relation between alcohol intake and mortality from all causes, we performed analyses in which alcohol consumption, measured continuously, was entered into the multivariate model as both linear and quadratic terms (average alcohol intake and that value squared). A negative regression coefficient for the linear term ( b ϭϪ 1.3 ϫ 10 Ϫ 2 , P ϭ 0.02) and a positive coefficient for the quadratic term ( b ϭ 4.9 ϫ 10 Ϫ 4 , P ϭ 0.001) were derived, results consistent with the observed U -shaped relation.
We excluded from our primary analysis former heavy drinkers who reported current abstinence, but we examined the data on these women separately. As compared with long-term nondrinkers, these former drinkers had a relative risk of death, after adjustment for age and smoking status, of 1.49 (95 percent confidence interval, 1.27 to 1.74) as well as a significantly higher risk of death from any cardiovascular cause (relative risk, 2.48; 95 percent confidence interval, 1.88 to 3.25) and from any noncardiovascular cause (relative risk, 1.24; 95 percent confidence interval, 1.02 to 1.50).
Age strongly affected the relation between alcohol intake and mortality from all causes. For women 34 to 39 years of age, the relative risk of death in all categories of drinkers was slightly but not significantly increased (Table 3 ). Among women in this age group who consumed 5.0 g or more of alcohol per day, external causes of injury accounted for 50 percent of the deaths. In contrast, among women 50 or older, light-to-moderate drinkers (1.5 to 29.9 g per day) had a significant reduction in mortality from all causes, which appeared to be the result of a substantially lower risk of fatal cardiovascular disease. Among light-to-moderate drinkers, the relative risk of death from a cardiovascular cause was 0.59 (95 percent confidence interval, 0.47 to 0.73) for women 50 years of age or older. To test whether age significantly affected the association between alcohol intake and total mortality, we added to the multivariate model the cross-product interaction terms of age (measured continuously) and each of the levels of alcohol consumption specified in Table 3 . For light-to-moderate drinkers, the decrease in the relative risk of death with increasing age was at the margin of statistical significance (P for trend ϭ 0.05).
The apparent benefit associated with light-to-moderate alcohol consumption was greatest among women with one or more risk factors for coronary heart disease ( Table 4) . Among women reporting at least one coronary risk factor (73.2 percent of the study population in 1980), light-tomoderate drinkers had a significantly lower total mortality (P Ͻ 0.001). In contrast, among women with no coronary risk factors (26.8 percent of the population in 1980), light-to-moderate drinking was not associated with any appreciable reduction in total mortality (P ϭ 0.70); consumption of 30 g or more of alcohol per day by these women markedly increased mortality. This higher total mortality among heavier drinkers without coronary risk factors was largely due to a higher risk of death from noncardiovascular disease (relative risk, 2.22; 95 percent confidence interval, 1.31 to 3.72), most notably breast cancer (relative risk, 3.43; 95 percent confidence interval, 1.36 to 8.66). The result of a test for interaction between the consumption of 1.5 to 29.9 g of alcohol per day and the presence or absence of cardiac risk factors was not significant in a multivariate model (P ϭ 0.09), although the relative risks associated with the consumption of 30 g or more per day did differ significantly among women with and without cardiac risk factors (P ϭ 0.04).
To determine whether the interaction between alcohol consumption and coronary-risk-factor status was independent of age, we then limited our analysis to women 50 years of age or older. Among these older women, the reduction in mortality associated with light-to-moderate drinking was again confined to women with one or more coronary risk factors. As was the case when younger women were included, the interaction between the risk of death associated with the consumption of 1.5 to 29.9 g of alcohol per day and coronary-risk-factor status was not significant (P ϭ 0.08).
Although we excluded women with serious illnesses at base line, the group of long-term nondrinkers could include women who refrained from drinking because of early symptoms of disease. If so, the higher mortality among nondrinkers might be due in part to undiagnosed, preexisting disease. Such an effect would ac-*All values are directly standardized according to the age distribution of the cohort. Nutrient values represent the mean energy-adjusted intake for each alcohol-intake group. †The weight in kilograms divided by the square of the height in meters. ‡Two or more days per week. §Vigorous physical activity (long enough to work up a sweat) at least one or more days per week. ¶Self-report of physician-diagnosed hypercholesterolemia.
ʈ Self-report of physician-diagnosed hypertension. count for higher rates of death in the earlier years of follow-up but would be expected to diminish in later years of observation. To address this issue, we repeated our analyses after excluding deaths in the first four years of follow-up (Table 5) . With the analysis restricted to the final eight years of follow-up, a significant U -shaped relation remained between the average alcohol intake reported in 1980 and total mortality (P ϭ 0.002 for the quadratic term [average alcohol intake] 2 ). Because people may alter their drinking habits over time, longitudinal studies that assess alcohol intake only at base line may result in misclassification. Therefore, we repeated our analyses using updated measurements of alcohol consumption obtained in 1984 and 1986, and still observed a significant U -shaped relation between alcohol consumption and mortality (P Ͻ 0.001 for the quadratic term [average alcohol intake]
2 ) (Table 5). In performing analyses in which the data on alcohol intake were updated, we considered the possibility that a disproportionate number of the women who had recently stopped drinking did so because of ill health, which might have resulted in a misleading elevation of mortality among abstainers. Therefore, we performed further analyses in which women were excluded from follow-up if they reported nonfatal myocardial infarction, angina, stroke, or cancer during subsequent assessments of alcohol intake. With 2043 deaths left in the analysis, we continued to observe a significant U -shaped relation between alcohol intake and total mortality (P ϭ 0.001 for the quadratic term [average alcohol intake] 2 ). We examined separately the association between mortality and alcohol intake according to type of beverage -beer, wine, or spirits. In a regression model controlled for other predictors of mortality, the associations between alcohol intake (measured as a continuous variable) from beer, wine, or spirits and the risk of death did not differ significantly, although there was a nonsig-*RR denotes relative risk, and CI confidence interval. Relative risks are expressed for each alcohol-intake group as compared with the group of women who drank no alcohol. Adjusted RR has been adjusted for age (in five-year categories) and smoking status. Multivariate RRs have been adjusted for age (in five-year categories), smoking status, body-mass index (in quintiles), regular aspirin use ( у 2 days per week), regular vigorous exercise ( у 1 day per week), high plasma cholesterol level (yes or no), diabetes (yes or no), hypertension (yes or no), myocardial infarction in a parent at р 60 years of age (yes or no), past or present oral-contraceptive use (yes or no), menopausal status, past or present postmenopausal hormone use (yes or no), and energy-adjusted intake of dietary fiber and saturated fat (in quintiles). †Multivariate test for trend: linear term, chi ϭϪ 2.23, P ϭ 0.02; quadratic term, chi ϭ 3.22, P ϭ 0.001. *RR denotes relative risk, and CI confidence interval. Relative risks are expressed for each alcohol-intake group as compared with the group of women who drank no alcohol. Multivariate RRs have been adjusted for age (in five-year categories), smoking status, body-mass index (in quintiles), regular aspirin use ( у 2 days per week), regular vigorous exercise ( у 1 day per week), high plasma cholesterol level (yes or no), diabetes (yes or no), hypertension (yes or no), myocardial infarction in a parent at р 60 years of age (yes or no), past or present oral-contraceptive use (yes or no), menopausal status, past or present postmenopausal hormone use (yes or no), and energy-adjusted intake of dietary fiber and saturated fat (in quintiles). †P ϭ 0.05 for the interaction between age and the consumption of 1.5 to 29.9 g of alcohol per day. nificant trend toward more protection with wine (data not shown).
DISCUSSION
Our results, from a large prospective study of women, provide strong evidence for a U-shaped relation between alcohol intake and mortality in women. As compared with abstinence, light-to-moderate alcohol consumption was associated with a significantly reduced risk of death due largely to a lower risk of fatal cardiovascular disease. In contrast, heavier drinking was associated with increased mortality, due largely to an increased risk of death from noncardiovascular diseases, including breast cancer. In a manner consistent with these competing effects, the apparent benefit of light-to-moderate alcohol consumption was mainly confined to women at greater risk for coronary heart disease, specifically older women and women with one or more coronary risk factors.
Bias is unlikely to explain the observed relations. The dietary questionnaires reliably measured alcohol intake. 29 Moreover, our results remained unchanged even after we accounted for variations in alcohol consumption over time. The prospective design precluded recall bias. Differential follow-up is unlikely to have made a material contribution to these findings, since we estimate that we accurately identified more than 98 percent of the deaths in this cohort. 31 We observed a reduction in mortality for light-to-moderate drinkers only among women 50 years of age or older, although our cohort did not include women over 70. For women 34 to 39 years of age, we observed elevated risks of death for all levels of alcohol consumption, but the number of deaths in this subgroup was small. Two previous studies have reported an increased mortality among younger drinkers, largely as a result of alcoholrelated accidents. 11, 37 Although a recent analysis of British physicians reported lower mortality for moderate drinkers at all ages, the study population consisted of men over the age of 50 who were predominantly former or current smokers. 5 The women in the Nurses' Health Study have patterns of alcohol consumption that are quite similar to those found in a general survey of U.S. women. 38 Thus, our results may be applicable to the wider population of women. Since only a small percentage of our cohort *RR denotes relative risk, and CI confidence interval. Relative risks are expressed for each alcohol-intake group as compared with the group of women who drank no alcohol. Multivariate RRs have been adjusted for age (in five-year categories), smoking status, body-mass index (in quintiles), regular aspirin use (у2 days per week), regular vigorous exercise (у1 day per week), high plasma cholesterol level (yes or no), diabetes (yes or no), hypertension (yes or no), myocardial infarction in a parent at р60 years of age (yes or no), past or present oral-contraceptive use (yes or no), menopausal status, past or present postmenopausal hormone use (yes or no), and energy-adjusted intake of dietary fiber and saturated fat (in quintiles). Cardiac risk factors are defined as a history of hypertension or diabetes, smoking, a high cholesterol level, a myocardial infarction in a parent at р60 years of age, and a body-mass index Ͼ29.0. †Pϭ0.09 for the interaction between cardiac-risk-factor status and the consumption of 1.5 to 29.9 g of alcohol per day, in all women. For women 50 or older, Pϭ0.08. ‡Pϭ0.04 for the interaction between cardiac-risk-factor status and the consumption of 30 g or more of alcohol per day, in all women. *RR denotes relative risk, and CI confidence interval. Relative risks are expressed for each alcohol-intake group as compared with the group of women who drank no alcohol. Multivariate RRs have been adjusted for age (in five-year categories), smoking status, body-mass index (in quintiles), regular aspirin use (у2 days per week), regular vigorous exercise (у1 day per week), high plasma cholesterol level (yes or no), diabetes (yes or no), hypertension (yes or no), myocardial infarction in a parent at р60 years of age (yes or no), past or present oral-contraceptive use (yes or no), menopausal status, postmenopausal hormone use (yes or no), and energy-adjusted intake of dietary fiber and saturated fat (in quintiles). †Based on 1980 reports of alcohol intake but excluding deaths from 1980 consumed more than 50 g of alcohol per day, our ability to examine the health consequences of excessive drinking is limited.
The relations between alcohol consumption and the risk of death from breast cancer or cardiovascular disease reflect the previously described association of alcohol with the incidence of these illnesses. [21] [22] [23] [39] [40] [41] [42] In addition, several other diseases have been positively linked to alcohol consumption, including colorectal cancer, cancers of the upper aerodigestive tract (the oral cavity and esophagus), hemorrhagic stroke, cirrhosis of the liver, accidents, and suicide. 2, 11, 43, 44 Our mortality analysis does not address nonfatal disease and may therefore be less useful in addressing causal relations. However, data on mortality provide one measure of the overall balance of risks and benefits of alcohol consumption.
In conclusion, these findings indicate that for women as a group light-to-moderate alcohol consumption confers a significant overall survival advantage. Among younger women and those without risk factors for coronary heart disease, however, light-to-moderate alcohol consumption is not associated with a reduction in total mortality and heavier drinking is associated with a substantial increase in mortality. For older women and women with coronary risk factors, light-to-moderate alcohol consumption is associated with a reduction in total mortality, although with heavier intake mortality is increased.
